kousa dogwood accessions could be distinguished from each other using these SSRs; those that could not were resolved using DNA amplification fingerprinting. The reliabilit y of both keys was assessed using five anonymous cultivars for each dogwood species, which were correctly identified using the molecular keys. The genetic information presented here will be useful for identification and verification of cultivars for nurseries and as molecular markers for breeders and researchers.
woods accounted for over $26 million in sales (8% of total sales) within the deciduous flowering trees category. Consequently, the 1998 Census of Horticultural Specialties concluded that dogwood sales are important to retail and wholesale nurseries, particularly in eight states (Alabama, California, Illinois, North Carolina, New Jersey, Oregon, Tennessee, Virginia) that accounted for 74.9% of dogwood trees sold in the United States.
The genus Cot-nits contains 55 species of trees, shrubs, and herbs that are widely distributed throughout the northern hemisphere, with two species endemic to South America (Fan and Xiang, 2001) . Two of these species, C. florida and C. kousa, are the most popular in the ornamental horticulture industry, although other species such as C. nuttallii, C. angustata, C. inas, and C. seneca are often used in landscapes. With over 100 named eultivars, flowering dogwood is one of the most common ornamental trees in the eastern United States. and is valued for its pink, red, or white bracts; bright red fall foliage; and the production of bright red berries (Cappiello and Shadow, 2005) . Although the bracts of kousa dogwood are typically not as showy as those of flowering dogwood, kousa dogwood has other appealing attributes such as dark green foliage, bright red fall color, vivid red-colored aggregate fruit, and attractive form (Din, 1998) . Additionally, kousa dogwoods are regarded as more resistant to dogwood anthracnose (Discula destructiva) and powdery mildew (Erysiphe pulchra) than flowering dogwood (Hagan et al., 2001; Ranney etal., 1995) . Kousa dogwood is considered to be the Asian counterpart of the native North American flowering dogwood (Cappiello and Shadow, 2005) . Over 100 cultivars of kousa dogwoods exist with bract colors ranging from white to cream and from red to pink (Cappiello and Shadow, 2005 ) and a few have unique leaf qualities and vegetative habits. Kousa dogwood usually blooms 1 month later than flowering dogwood.
Inflorescence characteristics are useful for identifying cultivars within each species; however, these traits are only visible for a short period in the spring. Vegetative phenotypes of either flowering or kousa dogwood cultivars are very similar and unless there is some distinguishing somatic trait such as variegated or colored leaves, it is nearly impossible to distinguish one cultivar from another at times other than when the trees are in flower. Lack of obvious differences between phenotypes increases the probability of mislabeling, multiple releases of the same cultivar under different names, and misappropriation and misrepresentation of cultivars by third parties (Smith et al., 2007; Trigiano et al., 2004) .
Most woody plant cultivars, including dogwoods, are vegetatively propagated, and new cultivars are obtained from the following two principal sources: conventional breeding and selection of spontaneous or induced variations of existing cultivars. Molecular markers can reliably identify clones, breeding lines, hybrids, and cultivars (Winter et al., 2002) . Using molecular markers, analysis of the genetic constitution of plants can be determined at an early stage, enabling the plant breeder to decrease the time and cost required for selection. Molecular marker development has been almost exclusively limited to agronomic and forestry crops. Most ornamental molecular marker research has been directed toward cultivar identification (Arus, 2000) . For dogwood, the use of molecular markers has been used primarily in hybrid and cultivar detection (Ament et al., 2000; Caetano-Ano!lés et al., 1999; Smith et al., 2007; Trigiano et al., 2004; Windham and Trigiano, 1998) .
Microsatellites or simple sequence repeats (SSRs) are stretches of DNA that consist of tandemly repeated mono-, di-, tn, tetra-, orpenta-nucleotide units that occur in abundance in the genomes of most eukaryotes (Powell et al., 1996) . SSRs are the preferred markers in plant breeding as a result of their uniform genome coverage, high levels of polymorphism, codominance, and reproducibility (Pejic et al., 1998) . Although SSR discovery and development is initially more time-consuming and expensive than amplified fragment length polymorphisms (AFLPs) and other DNA characterization methods, SSRs provide more efficient tools that can be used to assess parentage among breeding populations, identify similar cultivars, determine genetic diversity, and resolve plant patent issues.
In this study, SSRs were used to determine the genetic diversity and relatedness between 24 cultivars and breeding lines of C. florida and 22 selected cultivars of C. kousa.
Additionally, a molecular key was constructed from speciesspecific SSR loci to distinguish most of these popular cultivars and breeding lines of both species.
Materials and Methods
PLANT MATERIAL AND DNA EXTRACTION. Twenty-four flowering dogwood eultivars and breeding lines and 22 kousa dogwood cultivars were selected for analysis (Table 1) . Unopened flower buds or emerging leaves, which were not fully expanded, were collected and stored at -80 °C until genomic DNA was extracted. Samples were ground in liquid nitrogen and DNA extracted using the Qiagen DNeasy Plant DNA isolation kit (Qiagen, Valencia, CA). DNA was quantified with the NanoDrop® ND-1000 ultraviolet-Vis Spectrophotometer (NanoDrop Technologies, Wilmington, DE); DNA quality was determined using 2% agarose gels stained with ethidium bromide and visualized in the 2000 Gel Documentation System (Bio-Rad Laboratories, Hercules, CA). ) and 86 C. kousa SSR loci (Wadl et al., 2008) were initially selected and screened against two cultivars each of C. florida (Appalachian Spring and Cherokee Brave) and C. kousa (Blue Shadow and Galilean) to determine optimum polymerase chain reaction (PCR) conditions. Seventeen (GT)I() 122 (102-134) 6 F: AGCACTCATAGTCCTTGCAC R: GTTAAAACGAAGAAGATACAACAA 'SSR loci designated CF were isolated from C. florida and SSR loci designated CK were isolated from C. kousa (Wadl et al., 2008) . Allele size range indicated in parentheses. Exact basepair (bp) allele estimates were determined by averaging the results of three replicates per sample with all loci analyzed and exact basepair estimates of allele size were used for creating the shared allele distance matrix. 'Loci used to develop molecular key for flowering dogwood and kousa dogwood.
was completed using the same components listed for C.florida except that 0.5 JIM primer and 0.8 U Arnplilaq Gold ® DNA polymcrase were used. Cycling conditions were as follows: one cycle of 94 °C for 5 mm; 35 cycles of 94 °C for 40 s, 58 °C for 40 s, 72 °C for 30 s; and one cycle of 72 °C for 4 mm. PCR products were sized on the HDAGT12TM Capillary Electrophoresis System [eGene (Qiagen)] using an internal 25-basepair (bp) DNA stepladder. All loci were screened three times per sample for reproducibility and to ensure adequate intensity of DNA products.
Genomic DNA from three specimens of each flowering dogwood 'World's Fair', 'Cloud 9', 'Appalachian Joy', 'Appalachian Spring', and 'Fragrant Cloud' were analyzed using DNA amplification fingerprinting (DAF) (Caetano-Anollés et al., 1991; , which arbitrarily samples a greater proportion of the genome than SSRs. Although this technique does not identify specific loci as SSRs do, it does have the potential to discern differences between cultivars and breeding lines that appear identical to each other using SSR markers (Windham and Trigiano, 1998) . The following four octomer primers were used to amplify DNA: (5'-3'): GTA ACG CC, GTA TCG CC, GAG CCT GT, and CCT GTG AG. The 20 JIL reaction mixtures consisted of 2 ng DNA, 1 x Stoffel buffer, 2.5 ms MgC12, 200 JIM dNTPs, 3 JIM primer, and 4 U of AmpliTaq ® DNA Polymerase Stoffel Fragment enzyme (Applied Biosystems) and were amplified using the following program: 95 °C for 30 s, 30 °C for 30 s, and 72 °C for 30 s. A total of 35 cycles was completed. Products were separated on 10% polyacrylamide gels and stained with silver (Bassam et al., 1991) . Binary data (presence = 1 and absence = 0) were collected and a similarity index developed using Jaccard constant and NTSYS software (Rohlf, 1992) .
SIMPLE SEQUENCE REPEAT GENOTYPING AND DATA ANALYSIS.
Data from 17 C.florida SSR loci and 13 C. kousa SSR loci were analyzed separately with POPULATIONS version 1.2.28 (Langella, 2002) to estimate the shared allele distance (Jin and Chakraborty, 1994) and create individual distance matrices for the C. florida and the C. kousa cultivars and breeding lines, respectively. Principal coordinate analysis (PCA) plots were produced from the shared allele distance matrix using NTSYS software. A molecular key was developed respectively from genotyping the C. florida cultivars and breeding lines and the C. kousa cultivars. Four polymorphic SSR loci were used to develop a molecular key for C. florida and six polymorphic SSR loci were used to develop a molecular key for C. kousa (Table 2) . Microsatellite analyses were conducted using eGene as described previously. For molecular key development for 786 flowering dogwood cultivars and breeding lines, SSR locus CF58 1 was used first to separate the samples into four groups and the other SSR loci were used to further delineate the groups until each sample was uniquely identified. For molecular key development of the kousa dogwood cultivars, SSR locus CK058 was used first to separate the samples into four groups and the other SSR loci were used to further separate the groups until each sample was uniquely identified. For both keys, a conservative + 2-to 3-bp allele size determination error range was used to develop a key that allows for reproducibility between other laboratories. A ± 2-to 3-bp error range for allele size determination was used because of a 2-bp resolution when analyzing samples on eGene and allele size determination for eGene software is based on regression analysis. This error range was used in the initial separation of all cultivars and breeding lines for both molecular keys. After initial separation of samples using the appropriate loci, exact basepair estimates of allele size were used for further separation of samples. The exact basepair allele estimates were determined by averaging the results of three replicates per sample with all loci analyzed. These basepair estimates of allele size were used for creating the shared allele distance matrix and the PCA plots. Five anonymous flowering and kousa dogwood samples each were selected by R. N. Trigiano and were analyzed to test the validity of the molecular keys.
Results
All 17 SSR loci from C. florida were polymorphic and amplified successfully when tested on cultivars and breeding lines of flowering dogwood. In total, 141 alleles were detected with a range of three to 18 per locus ( Table 2 ). The allele sharing distance matrix and PCA for flowering dogwood demonstrated high genetic diversity for the loci analyzed. Allele sharing distances ranged from 0.44 to 0.94 and most of the values were greater than 0.70 (Table 3) . Principal coordinate analysis based on allele sharing distances accounted for 27.6% of the total variation ( Fig. 1) and no clusters of cultivars were discernible. Four loci (CF213, CF581, CF585, and CF597) were used to develop a molecular key that successfully separated 18 of 24 flowering dogwood cultivars and breeding lines (Fig. 2) . The six cultivars (three pairs) that could not be separated using SSRs were Appalachian Spring and Presidential, Cherokee Brave and Cherokee Chief, and Cloud 9 and World's Fair. DAF could not distinguish 'Cloud 9' from 'World's Fair'; all loci were identical (Table 4 ). The other two cultivar pairs were not evaluated with DAF in this study.
N 00 r-C C -'C Cf N 00--'000 C N N r-: 00 11:1 10 C' N r- Al! 13 C. kousa SSR loci were polymorphic and four of these loci (CK005, CK029, CK031, and CK058) successfully amplified when tested on 22 cultivars of kousa dogwood. The other nine loci failed to amplify products in some of the 22 samples and these missing data were coded as null alleles for analysis. DNAs from the cultivars Big Apple, Blue Shadow, Milky Way Select, Steeple, and Trinity Star were amplified successfully with all 13 SSR loci, but the remaining I? C. kousa cultivars had one or more null alleles. In total, 102 alleles were detected with a range of three to 17 per locus (Table 2) , The allele sharing distance matrix and PCA for kousa dogwood demonstrated high genetic diversity for the loci analyzed. Allele sharing distances ranged from 0,41 to 1.00 and most of the values were greater than 0.80 (Table 5) . Principal coordinate analysis based on allele sharing distances accounted for 28.9% of the total variation (Fig. 3) and no clusters of cultivars are discernible, Six loci (CK005, CKO15, CK03 1, CK040, CK058, and CK072) were used to develop a molecular key that delineated all 22 of 22 kousa dogwood cultivars (Fig. 4) .
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Discussion
Dogwoods are obligate outcrossing species that are pollinated primarily by generalist insects and are considered selfsterile (Ament et al., 2000; Cappiello and Shadow, 2005; Gunatilleke and Gunatilleke, 1984; Orton, 1985; Reed, 2004; Sork et al., 2005; Witte et al,, 2000) . Most new cultivars of flowering and kousa dogwood arise from spontaneous mutations or bud sports from existing cultivars or from selections of open-pollinated seedlings exhibiting new ornamental traits (Cappiello and Shadow, 2005 variability for breeders to improve traits of interest. Most dogwood cultivars are clonally or vegetatively propagated to maintain the genotype. However, the phenotypes of most flowering and kousa dogwood cultivars are similar and practically indistinguishable until a juvenility phase is completed and bract characteristics can be observed. Molecular tools allow the identification of a specific genotype instead of identification based on limited phenotypic differences and will be increasingly useful not only for nurseries, breeders, and consumers, but also for genetic research. Although the phenotype is generally similar for cultivars within either species, the genotypes based on molecular markers were expected to vary considerably among the cultivars within each species. Molecular techniques such as DAF, AFLP. and SSRs have been used to produce genetic fingerprints or DNA profiles for distinguishing horticultural cultivars of many species, including carnation (Dianthus carvophi,'Ilus) (Smulders et al., 2003; , chrysanthemum (Dendrantheina xgrandiflora) (Scott et al., 1996; , crape myrtle (Lagerstroemia in(lica and L. speciosa) (Pounders et al,, 2007) , various dogwoods (C. florida and C. kousa) (Ament et al,, 2000; CaetanoAnollés et al,, 1999; Smith et al., 2007; Trigiano et al., 2004; Windham and Trigiano, 1998) , hydrangea (Hvdi'angea spp.) ( Reed and Rinehart, 2007; Rinehart et al., 2006) , pampas grass (Cortaderia selloana) (Ahmad et al., 2006) , and pelargonium (Pelargonium spp.) (Becher et al., 2001 ). In our study, SSRs were used to assess genetic diversity of 24 flowering dogwood cultivars and breeding lines and 22 kousa dogwood cuttivars. As expected for an outcrossing species, genetic diversity was high. Most allele sharing distances were greater than 0.70 for the flowering dogwood cultivars and breeding lines. Kousa dogwood cultivars exhibited higher allele sharing distance with some values greater than 0.90. Additionally, PCA supported the assessment of high genetic diversity because there were no discernible clusters and two principal coordinates explained less than 29% of total variation. It was recently noted that 'Cherokee Brave' and 'Cherokee Sunset' are open-pollinated seedling selections of 'Cherokee Chief' and these cultivars are expected to be more closely related (Smith et al., 2007) . The pairwise comparison allele sharing distance values of these three cultivars were 0.50, indicating lower genetic diversity than the other flowering dogwood cultivars and breeding lines tested.
We developed two molecular keys, one for flowering dogwood and one for kousa dogwood cultivars, using four SSR loci and six SSR loci, respectively. These keys distinguished most of the flowering dogwood cultivars and breeding lines and all kousa dogwood cultivars. However, the molecular keys for flowering dogwood failed to separate 'Cherokee Brave' from 'Cherokee Chief, 'Appalachian Spring' from 'Presidential', and 'Cloud 9' from 'World's Fair'. CaetanoAnollés et al. (1999) used DAF to uniquely identify 'Cherokee Brave' from 'Cherokee Chief', and we applied the same methods to discern 'Cloud 9' from 'World's Fair'. DAF was unable to discern 'Cloud 9' from 'World's Fair' and this can be explained in two ways, either the trees we used were mislabeled or the two cultivars are actually the same genetically but are sold under two different names. 'Appalachian Spring' and 'Presidential' were unable to be distinguished by the key because 'Appalachian Spring' was cloned from the cultivar initially named 'Presidential' (Caetano-Anollés et al., 1999) .
The discrepancy in both allele sharing distance and cultivar identification can be explained by the limited resolution of eGene that can lead to allele size determination difficulties. The manufacturer's program lists the resolution of amplified PCR products (alleles) to be 2 to 5 bp among samples, but the software used to develop the allele sharing distance matrix uses l-bp size differences in allele size calling. This problem leads to an inflation in the number of different alleles detected and explains why the allele sharing distance for the undistinguished cultivars is 0.50 for the flowering dogwood samples and 0.44 for the kousa dogwood samples. When 4 to 6 bp (+2-to 3-bp error range) was used as the maximum resolution for allele size calling, allele sizes for 'Cherokee Brave' and 'Cherokee Chief', 'Appalachian Spring' and 'Presidential', and 'Cloud 9' and 'World's Fair' are the same and the allele sharing distances between the cultivars is zero, indicating genetic identity between the pairs (data not shown). Because our molecular key failed to separate six flowering dogwood cultivars, DAF was used to distinguish 'Cherokee Brave' and 'Cherokee Chief' but could not distinguish 'Cloud 9' and 'World's Fair' (data not shown). One technical problem with SSRs is comparing data produced by different laboratories as a result of the inconsistencies in allele size calling. Such inconsistencies in allele size calling are mainly the result of the large variety of automatic sequencing machines used, each providing different gel migration, fluorescent dyes, allele calling software used, and conditions of the PCR reaction (Semagn et al., 2006) . Considering eGene's limited resolution and the various experimental conditions that can vary among laboratories using similar electrophoretic systems, we conservatively used a resolution of 4 to 6 bp in allele size calling for the development of both molecular keys. When the conservative 4-to 6-bp allele size calling was applied to the flowering dogwood cultivars and breeding lines, the molecular key failed to distinguish all samples and the allele sharing distances indicated that the cultivars in question are similar (data not shown). The Plant Patent Act was adopted in the United States in 1930 and is limited to asexually propagated plants (Aguirre, 2006) . Koo et al, (2004) compiled and summarized data from 1930 to 2003 for plant patents and plant variety protection applications and indicated that over 50% of the applications in the United States were for protection of ornamentals rather than food crops. Combined sales of ornamentals exceeds S8 billion dollars, which supports Aguirre's (2006) claim that the breeding and commercialization of new ornamental plant varieties is an economically important activity both for the industry and the well-being of our society. Mislabeling of cultivars affects breeding progress and the nursery industry. Aguirre (2006) also notes how important it is that both breeders and companies introducing new plants ensure that protection information is correct and that there is a need for catalogs, tags, and other marketing material to be monitored. Molecular tools used to develop genetic fingerprints will help breeders and nurseries to uniquely identify plants by genotype and can be important in obtaining a plant patent or prosecuting infringement. The molecular key for flowering and kousa dogwood cultivars and/or breeding lines may help nursery growers to identify different dogwood cultivars when the phenotypes are very similar. Additionally, the genetic diversity estimates and molecular keys provide evidence to plant breeders for parental analysis, marker-assisted breeding, and genome linkage mapping.
